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© Quantitative dispenser for a liquid. 

© A quantitative dispenser for a liquid includes a 
pipette (3) having a downwardly directed nozzle (4) 
which serves to pick up and deliver a predetermined 
quantity of a liquid, and a mechanism for moving the 
pipette (3) downwards to dip the lower end of the 
pipette (3) into the liquid supply. A detector (10) is 
provided for detecting for reflection of light which is 
projected downwards to the surface of the liquid 
while the pipette is moved downwards to approach 
the surface. A control circuit is connected to the 
detector (10) to determine the stop point -for the 
downwardly moving pipette with the aid of informa- 
tion received from the detector (10). The detector 
(10) has a spot type reflection sensor (32) having a 
light convergent optical element (34,36) with a focal 
point at a certain distance below the detector (10) 

^whereby the stop point of the downwardly moving 

^pipette (3) is determined so as to correspond to a 
point of maximum intensity of the incoming reflected 

flight. 
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QUANTITATIVE DISPENSER FOR A LIQUID 



The present invention is directed to a quantita- 
tive dispenser for small amounts of liquid samples 
or reagents and more specifically to a quantitative 
dispenser using an optical sensing device for con- 
trolling the amount of liquid to be dispensed. 

In the fields of biology and medicine, various 
methods of analysis have been proposed for de- 
tecting trace substances in body liquids and, in 
correlation with the analyses, various systems and 
devices have been proposed for automatic qualita- 
tive and quantitative analyses. One of the common 
requisites arising in these systems and devices is 
the strict control ef the amount of liquid samples 
and reagents to be added to the reaction chamber 
and the prevention of contamination between sam- 
ples. For this reason, pipettes, such as those 
known as micropipettes, are usually employed 
which are manufactured with a high degree of 
precision and include a disposable tip. In employ- 
ing these micropipettes, the disposable tips are 
disposed of after each sample to avoid contamina- 
tion between the samples. The sample is usually 
sucked into the pipette by means of a negative air 
pressure. 

As mentioned above, strict control of the quan- 
tity of the liquid samples in reagents is necessary 
for minimising variations in the amounts of the 
samples and for obtaining reliable results, particu- 
larly in the case of immunological estimations. On 
the other hand, the use of disposable tips is also 
desirable to avoid contamination between samples 
since the concentration ratio of minute components 
can sometimes reach up to 10 4 = 10 6 in the case 
of samples in immunological measurements of bio- 
logical materials. Even when micropipettes having 
disposable tips are used it is still absolutely essen- 
tial that the minute amounts of liquid to be dis- 
pensed must be determined with a high degree of 
precision and so controls are necessary for posi- 
tioning the micropipettes relative to the reservoir 
from which the liquid samples or reagents are 
taken. More particularly, if a negative pressure is 
used for taking up the sample solution, the nega- 
tive pressure can be strictly controlled when the 
pipette is inserted into a sample vessel. The depth 
to which the nozzle of the pipette is immersed in 
the sample solution is likely to vary depending 
upon the size of the sample. The variation may 
give rise to an error in the quantitative dispensing 
which cannot be ignored. The same problem also 
arises when the surface of the sample. solution is 
concave due to the formation of a meniscus or the 
vessel itself is in a slanted position and its diameter 
is small. 



In the past it has been proposed to install 
detectors to sense the level of the liquid surface in 
a dispensing device. However, electrode types of 
detector involve contamination and non-contact 
5 types of optical detector generally are not suffi- 
; ciently precise, some having tolerances of several 
millimetres, and therefore cannot accurately op- 
erate with turbid solutions or slanted surfaces. In 
fact an error of several millimetres in immersion 

10 may introduce, for example, up to ten percent of 
dispersion when 5 meg of solution is taken with a 
pipette of 200 meg capacity. 

It is an object of the present invention to pro- 
vide a new and improved quantitative dispenser for 

is a liquid which is capable of dispensing a precisely 
controlled amount of liquid when a minute amount 
of liquid is to be taken up. 

It is a further object of the present invention to 
provide such a dispenser which is suitable for use 

20 in an automatic analyser, particularly to the portion 
of an automatic analyser for estimating immunolog- 
ical reactions. 

According to the present invention, there is 
provided a quantitative dispenser for a liquid com- 

25 prising a pipette having a downwardly directed 
nozzle adapted to pick up and deliver a predeter- 
mined quantity of the liquid, means for moving the 
pipette downwards to immerse the lower end of the 
nozzle in the liquid, a liquid level sensor for deter- 

30 mining the position of the liquid surface and a 
control system for determining the stopping point 
for the downward movement of the pipette, charac- 
terised in that the liquid level sensor comprises a 
lens system, a light source arranged to direct a 

35 beam of light through the lens system onto the 
surface of the liquid, and a photosensor for receiv- 
ing light reflected from the surface of the liquid 
through the lens system, the control system being 
operatively connected to the photosensor and to 

40 the means for moving the pipette for stopping the 
downward movement of the pipette at a position 
corresponding to that where a maximum intensity 
of the reflected light is detected by the photosen- 
sor. 

45 Preferably, the dispenser includes means con- 

necting the pipette and the sensor together for 
simultaneous downward movement towards the liq- 
uid. Alternatively, the sensor may be mounted sep^ 
arately from the pipette and separate means are 

so provided for moving the sensor and the pipette 
independently. 

Thus, the mechanism for moving the pipette 
downwardly may comprise a support frame oh 
which the indication device of the pipette is sup- 
ported for movement in the vertical direction and 
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means for moving the frame up and down such as 
a pulse motor operating through an intermediate 
cam mechanism. The spot type reflection sensor to 
be used in the present invention may be comprised 
of a light emitting portion and a light receiving 
portion in which the light from the light source and 
reflected light are transmitted through a convergent 
optical element such* as a convex lens. 

Preferably the sensor includes a housing in 
which the lens system, the photosensor, and the 
light source are located. The portions may be ei- 
ther assembled in a unitary body or arranged sepa- 
rately in appropriate positions relative to each oth- 
er. The maximum intensity point of the reflected 
light detected by the reflection type sensor can be 
detected by converting the reflected light into an 
electrical signal and by detecting the high peak of 
the electrical signal. 

When such a sensor is used, the maximum 
intensity of the incoming reflected light occurs 
when the surface of the liquid coincides with the 
focus point of the light irrespective of a slanted 
surface or the turbidity of the liquid. The stop point 
of the downwardly moving pipette as determined 
by the maximum intensity makes it possible to 
control precisely the depth to which the nozzle of 
the pipette is immersed in the liquid. 

Generally, the present invention is suitable to 
those devices for analysis and measurement in 
which the quantitative dispensing of 1000 meg or 
less of a liquid is required. More particularly the 
dispenser according to the present invention is 
suitable in carrying out estimations in immunolog- 
ical and biochemical reactions where a very small 
amount of a liquid, of the order of 100 meg or less, 
is quantitatively dispensed. The liquid dispensed 
may be a sample or a reagent. 

The mechanism for lowering the sensor to ap- 
proach the surface may be installed on the support 
frame supporting the pipette lowering mechanism 
or installed on a separate support frame indepen- 
dently from the pipette supporting frame. It is pre- 
ferred that the point at which the sensor detects 
the liquid surface is horizontally as close as possi- 
ble to the point where the lower end of the nozzle 
is partially immersed in the liquid to obtain a high 
degree of precision in the dispensing of the liquid. 

According to another aspect of the present 
invention, there is provided a method for quantita- 
tively dispensing a liquid in which a pipette having 
a nozzle is moved downwards to immerse the 
lower end of the nozzle in the liquid, the downward 
movement is stopped by position sensor and a 
control system, the liquid sample is taken up, the 
pipette is withdrawn, and the sample is dispensed, 
characterised in that the downward movement is 
stopped by directing a beam of light on to the 
liquid surface via a lens system, detecting the 



reflected light from the surface via the lens system 
with a photosensor, and stopping the downward 
movement of the pipette at a position correspond- 
ing to that where a maximum intensity of the re- 

5 fleeted light is detected by the photosensor. 

Preferably, the position sensor and the pipette 
are moved downwards simultaneously. In an alter- 
native preferred embodiment, the sensor is moved 
downwards, the position of maximum intensity of 

io reflected light is recorded in a memory, and the 
pipette is subsequently lowered to the desired po- 
sition, in dependence upon the position recorded in 
the memory. 

By employing the techniques of the present 

75 invention, the quantitative dispensing of a minute 
volume of liquid can be performed with an ex- 
tremely high degree of precision. As a result, var- 
ious quantitative and qualitative analyses can be 
accurately and precisely controlled. It will be clear 

20 that a device according to the present invention 
can be applied to a number of automatic analytical 
systems and analysers. 

The invention may be carried into practice in 
various ways and some will now be described by 

25 way of example with reference to the accompany- 
ing drawings, in which: 

Figure 1(a) is a schematic diagram showing 
a first embodiment of a quantitative liquid dis- 
penser according to the present invention with the 

30 pipette disposed above a liquid reservoir; 

Figure 1(b) is a partial view of the dispenser 
shown in Figure 1(a) with the tip of the pipette 
immersed in a liquid; 

Figure 2(a) is a graph showing light intensity 

35 curves; 

Figure 2(b) is a schematic diagram showing 
the relationship of an optical sensor according to 
the present invention relative to various points on a 
fight intensity curve where the liquid is level; 

40 Figure 2(c) Is a view similar to Figure 2(b) 

showing the relationship of the optical sensor rela- 
tive to a slanted surface; 

Figure 3 is a partial perspective view of the 
apparatus for movably supporting a pipette and 

45 optical sensor for movement relative to a liquid 
reservoir; 

Figure 4(a) is a detailed sectional view of an 
optical detector according to the present invention; 

Figure 4(b) is a slanted and partially cross- 
so sectional view of the optical element in Figure 4(a); 

Figure 5 is a schematic circuit diagram for 
detecting the maximum light intensity detected by 
the optical sensor. 

Figure 6 is a flow chart for a process carried 
55 out with the apparatus according to the present 
invention; 
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Figure 7 is a partial perspective view of a 
further embodiment of the apparatus for movabiy 
supporting a pipette and optica! sensor, separate 
from each other; and 

Figure 8 is a flow chart showing the oper- 
ational sequence for the apparatus shown in Figure 
7. 

The quantitative liquid dispenser as shown in 
Figure 1 comprises of a pipette 3 having a dispos- 
able tip 4 which is adapted to be moved into and 
out of a liquid sample contained in a sample vessel 
1. The pipette 3 is carried by a supporting rod or 
frame 6 which in turn is moved vertically by means 
of a drive mechanism 5 including a pulse motor 
under the control of a drive control circuit 9. A spot 
type reflection sensor 10 is also firmly supported 
by the support rod or frame 6 for movement with 
the pipette. The sensor 10 is located slightly higher 
than the lower end of the disposable tip 4 and an 
electrical signal from the sensor 10 is supplied to 
the control circuit 9 for controlling the drive mecha- 
nism 5. 

When the pipette 3 is positioned above the 
liquid sample 2, the pipette 3 may be lowered from 
the position shown in Figure 1(a) to the position 
shown in Figure 1(b) in which the lower end of the 
disposable tip 4 is immersed in the liquid to a 
degree determined by the optical sensor 10. With 
the lower end of the disposable tip 4 immersed in 
the liquid 2 as shown in Figure 1(b), a predeter- 
mined amount of liquid is drawn up into the pipette 
by means of a negative pressure applied to the 
pipette 3 through a tube 8 under the control of a 
liquid volume controller 7. The pipette 3 is then 
raised to the position shown in Figure 1(a) and the 
liquid therein may be subsequently dispensed by 
application of a positive air pressure through the 
tube 8 to the pipette 3 under the control of the 
liquid volume controller 7. 

The sensor 10 can be constructed, for example 
with an optical reflective sensor HEDS-1000 
(Yokokawa Hewlett Packard Corp). Such a spot 
type reflection sensor 10 emits light to the surface 
of the liquid 2 in the sample vessel 1 in which the 
lower end of the nozzle tube 4 is to be immersed 
and receives light reflected from the surface of the 
liquid, the intensity of the reflected light reaches a 
maximum when the sensor 10 reaches a point 
above the surface equal to the focal distance of the 
lens within the detector, the focal distance being 
preset by selecting an appropriate convex lens 
such as that shown in Figure 4(b). 

The plot diagram of several light intensity 
curves shown in Figure 2(a) illustrates the relation- 
ship of the light intensity relative to the distance 1 
of the detector above the surface of the liquid. The 
distance h from the surface of the liquid where the 
maximum intensity is obtained is constant as 



shown in Figures 2(a) regardless of the reflectivity 
of the liquid surface or the degree of concavity or 
slanting of the surface. Thus the depth of immer- 
sion of the nozzle tip into the liquid can be cort- 
5 trolled with a high degree of accuracy. 

The maximum intensity of the light can be 
detected by using a high-peak detecting circuit 
such as that shown in Figure 5 so that the down- 
ward movement of the pipette is stopped when the 
70 maximum value is detected or when the pipette 
moves a very short distance past the point of 
maximum intensity. 

Figure 2(b) shows three representative posi- 
tions of a light detector relative to a flat liquid 

75 surface with respect to three different portions of a 
light intensity curve such as that shown in Figure 2- 
(a). The focal point of the lens in the middle posi- 
tion is coincident with the surface of the liquid and 
the light intensity is at a maximum. Figure 2(c) is 

20 similar but in this case the surface of the liquid is 
concave or inclined. The overall intensity of the 
reflected light will be less in such a situation than 
with a flat surface as in Figure 2(b) but the light 
intensity will still be at a maximum when the focal 

25 point of the lens is coincident with the surface of 
the liquid. When the maximum or peak value of the 

~ light intensity is expressed as 100, the light inten- 
sity detected with 0.2 mm deviation from the focal 
length representing the maximum or peak value 

30 may be lowered about ten percent. 

Figure 3 shows one embodiment of an appara- 
tus suitable for carrying out the present invention 
which corresponds to the schematic arrangement 
shown in Figure 1. In Figure 3 the numerical re- 

55 ferences 1, 3, 4 t 8 and 10, represent the same 
elements as shown in Figure 1. For moving the 
pipette up and down, a rotating shaft 5b is rotated 
by means of a pulse motor 5a to rotate a cam 5c 
by an amount corresponding to the amount of 

40 rotation of the pulse motor so that a frame 11 
supporting the pipette 3 is moved downwards. In 
this way the disposable nozzle 4 detachably con- 
nected to the lower end of the pipette 3 is moved 
downwards by a corresponding amount and enters 

45 the liquid within the sample vessel. 

The point at which the downwardly moving 
nozzle stops is determined by detecting the maxi- 
mum value of the intensity of the reflected light by 
the sensor 10 which is mounted on the same 

so support frame 11 as the pipette 3. The detector 10 
is connected to the detecting circuit and a source 
of power by means of a cable 14. The support 
frame 11 is movable horizontally along guide rods 
13 carried by a main frame 12 so as to allow the 

55 pipette to be moved selectively between various 
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vessels and reaction chambers. The support frame 
11 may be moved along the guide rods 13 by any 
suitable means which have not been shown since 
such means are conventional in the art. 

The photosensor 10 is shown in detail in Figure 
4(a) and includes an LED light source 31 and a 
photodiode 32 mounted along side. The light from 
the LED light source is projected outwardly of the 
glass window 33 through the convex lens 34 whose 
focal point is at 35. The light reflected from the 
liquid surface passes through the convex lens 36 
and enters the photodiode 32. The signal input and 
output of the sensor 10 are connected to the drive 
control mechanism 9 as shown in Figure 1 through 
the cable 14 so that the maximum value of the 
intensity of the light incident on the photodiode is 
detected.-The convex lens element shown in Fig- 
ure 4(b) is prepared by moulding a plastics ma- 
terial as one body with a skirt portion and a collar 
portion in such a shape as If two convex lenses are 
combined. 

Figure 5 shows a block circuit diagram for the 
detection of the maximum intensity of the incident 
light in which an oscillator 15 supplies a signal to 
the detector 10 to activate the LED light source 31. 
The signal from the photodiode 32 is passed 
through an amplifier 16, a wave detector 17 and an 
A/D converter 18 prior to being supplied to a 
microcomputer 19. A suitable high peak detector 
can be constructed using the above components 
by a person having ordinary skill in the electrical 
arts. When the maximum value or peak of light 
intensity is detected by the microcomputer 19, this 
information is transmitted to the pulse motor 5a to 
stop the downward movement of the pipette 3. 

Figure 6 is a flow chart showing the operational 
sequence for the embodiments described above. 
Although the support frame 11 moves horizontally 
as described above the operational sequence is 
limited to the up and down movement of the pi- 
pette which is carried by the support frame 11. At 
the start of operation the sampling head moves 
downwards and a light signal is supplied by the 
photosensor as the light from the photodiode is 
reflected from the surface of the liquid below the 
sampling head. As the input value changes from an 
increase to a decrease the downward movement of 
the sampling head is stopped, a sample is with- 
drawn from the liquid reservoir and the sampling 
head subsequently rises to complete the oper- 
ational cycle. The focal length of the sensor 10 in 
this embodiment is 4.3 mm, and the distance from 
the lower end of the sensor to the lower end of the 
nozzle tip is 7.3 mm. In this example the nozzle 
and sensor are fixed to the same control mecha- 
nism as shown in Figures 1 and 3. 



Figure 7 shows a further embodiment of the 
present invention in which, the pipette 3 and the 
sensor 10 are mounted separately from each other 
on separate support mechanisms. The detector 10 

5 is carried by a supporting frame 21 which is moun- 
ted on a mechanism 22 for moving the frame 21 up 
and down. The pipette 3 is mounted for movement 
by means of a mechanism similar to that described 
above with respect to Figure 3 and the details of 

70 the movement will not be repeated. As in the 
previous embodiment, a downward movement of 
the sensor is detected and when the maximum 
value of reflected light intensity is detected the 
pulse motor for moving the pipette is controlled to 

75 limit the immersion of the tip of the pipette in the 
liquid. In the embodiment of Figure 7 the sample 
vessels are shown as being mounted in a rack 20 
and suitable means may be provided for moving 
the pipette and detector and the rack relative to 

20 each other to align the pipette with different sam- 
ples. In this embodiment, in order to determine the 
position at which the downward moving nozzle 
should be stopped, the volume of sample in a 
particular sample vessel is measured and memoris- 

25 ed in a memory in the control mechanism. Then, 
when that sample vessel comes below the nozzle, 
the position at which the nozzle is stopped, is 
determined on the basis of the memorised sample 
volume measurement of the vessel. 

30 Figure 8 is a flow chart showing the operational 

sequence of the device of Figure 7. Firstly, the 
photosensor 10 is moved down towards the liquid 
surface of a selected sample vessel in 0.5 mm 
steps. When the input value to the photosensor 

35 inverts from its value increasing to its value de- 
creasing, the position of the sample surface is 
calculated and stored in a memory. The sensor 10 
then rises and is moved away from the selected 
sample, while the nozzle tip 4 is brought to the 

40 selected sample. The nozzle tip 4 is lowered until 
its end is 3 mm below the sample surface, using 
the recorded position of the surface from the mem- 
ory. A sample is withdrawn by suction and the 
nozzle tip 4 is raised. 

45 As an example, when the sample vessel 1 has 

a diameter of 11 mm and a pipette having a 
capacity of 200 meg is used, a liquid volume of 5 
meg is picked up with the lower end of the nozzle 
tip being immersed to a depth of 3 mm below the 

so surface of the liquid. When that was carried out, it 
was noted that the dispersion with respect to the 
depth of immersion of the nozzle tip was 1 mm or 
less and with respect to the volume of liquid picked 
up was two percent or less. 

55 
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Claims 

1. A quantitative dispenser for a liquid compris- 
ing a pipette (3) haying a downwardly directed 
nozzte (4) adapted to pick up and deliver a pre- 
determined quantity of the liquid, means for mov- 
ing the pipette (3) downwards to immerse the lower 
end of the nozzle (4) in the liquid, a liquid level 
sensor (10) for determining the position of the 
liquid surface and a control system (9) for deter- 
mining the stopping point for the downward move- 
ment of the pipette (3), characterised in that the 
liquid level sensor (10) comprises a lens system 
(34,36). a light source (31) arranged to direct a 
beam of light through the lens system (34) onto the 
surface of the liquid, and a photosensor (32) for 
receiving fight reflected from the surface of the 
liquid through the lens system (36). the control 
system (9) being operatively connected to the 
photosensor (32) and to the means for moving the 
pipette (3) for stopping the downward movement of 
the pipette (3) at a position corresponding to that 
where a maximum intensity of the reflected light is 
detected by the photosensor (32). 

2. A dispenser as claimed in Claim 1. charac- 
terised by means connecting the pipette (3) and 
the sensor (10) together for simultaneous down- 
ward movement towards the liquid. 

3. A dispenser as claimed in Claim 1, charac- 
terised in that the sensor (10) is mounted sepa- 
rately from the pipette (3) and separate means are 
provided for moving the sensor (10) and the pipette 
(3> independently. 

4. A dispenser as claimed in any preceding 
claim characterised in that the sensor includes a 
housing in which the lens system (34.36). the 
photosensor (32). and the light source (31) are 
located. 

5. A dispenser as claimed in any preceding 
claim characterised in that the lens system com- 
prises a single lens element made up of two partial 
convex lenses (34.36). 

6. A method for quantitatively dispensing a 
liquid in which a pipette (3) having a nozzle (4) is 
moved downwards to immerse the lower end of the 
nozzle (4) in the liquid, the downward movement is 
stopped by position sensor (10) and a control sys- 
tem (9). the liquid sample is taken up. the pipette 
(3) is withdrawn, and the sample is dispensed, 
characterised in that the downward movement is 
stopped by directing a beam of light on to the 
liquid surface via a lens system (34,36), detecting 
the reflected light from the surface via the lens 
system (34,36) with a photosensor (32). and stop- 
ping the downward movement of the pipette (3) at 
a position corresponding to that where a maximum 
intensity of the reflected light is detected by the 
photosensor (32). 



7. A method as claimed in Claim 6 charac- 
terised in that the position sensor (10) and the 
pipette are moved downwards simultaneously. 

8. A method as claimed in Claim 6 charac- 
5 terised in that the position sensor (10) is moved 

downwards, the position of maximum intensity of 
reflected light is recorded in a memory, and the 
pipette (3) is subsequently lowered to the desired 
position, in dependence upon the position recorded 
10 in the memory. 
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